Posterior capsule tightness has been shown to create abnormal shoulder biomechanics. In a cadaveric study Harryman et al, 11 demonstrated that selective tightening of the posterior portion of the shoulder capsule causes a subsequent obligate anterior and superior translation of the humeral head during passive shoulder flexion. This occurs as a departure from classic descriptions of shoulder joint arthrokinematics. This abnormal motion could theoretically cause soft tissue impingement in the subacromial space in those who require overhead activities in either sport or vocation.
Further support for posterior shoulder tightness as a component of several pathologies comes from Myers et al 28 and Warner et al, 34 who found decreased internal rotation range of motion in patients with shoulder impingement syndrome and athletes with internal impingement symptoms. From these studies, it appears that increased shoulder internal rotation may be beneficial for both sporting and vocational activities.
Stretching and joint mobilization techniques are commonly used to treat internal rotation range of motion loss due to muscular or capsular limitations. Recent articles and studies recommend posterior shoulder stretching for those with losses of internal rotation. 1, 5, 19, 23, 28 Techniques for stretching the posterior shoulder include the towel stretch, 2, 24 sleeper stretch, 1, 5, 35 and the cross-body stretch. 2, 23 Despite the fact that authors recommend prophylactic stretching for the posterior shoulder, only 1 study has compared stretching techniques. McClure et al 23 found that the cross-body stretch in individuals with limited shoulder internal rotation was more effective than the sleeper stretch. Therefore, this technique was chosen to stretch the posterior shoulder in this study.
Clinicians use joint mobilization techniques as an intervention to increase soft tissue and capsular joint mobility. 6, 9, 18, 25, 29 Proponents for joint mobilization techniques believe that by gliding the joint according to the convexconcave rule, patients can gain mobility. 7, 8, 12, 17, 22, 26 According to this rule, when a convex surface (humeral head) moves on a fixed concave surface (glenoid fossa), rolling and gliding movements of the joint surfaces occur in opposite directions. 17 With this technique, a joint mobilization force or glide in a dorsal direction addresses hypomobility of the posterior shoulder.
Joint mobilization techniques for the shoulder have been assessed in cadaveric studies [13] [14] [15] and in patients with adhesive capsulitis. 16, 29, 33 No studies were found that included or compared posterior capsule joint mobilization techniques to stretching.
In a systematic review, Michlovitz et al 27 reported moderate support for joint mobilization use in patients whose loss of motion can be attributed to joint stiffness. The purpose of the present study was to assess passive shoulder internal rotation following 2 interventions: cross-body stretch alone and crossbody stretch plus joint mobilization. Minimal detectable change (in degrees) was calculated as standard error of the measurement × 1.96√2.
METHODS
A prospective randomized repeated-measures design compared 2 techniques to increase internal rotation range of motion in healthy college-age particpants with a unilateral difference. A random assignment placed participants into 1 of 2 interventions: cross-body stretch alone or cross-body stretch plus posterior joint mobilizations. A control group was not used. The interventions were compared to each other, and treated shoulders were compared to the untreated shoulders.
PATIENTS
Forty-six individuals were measured to identify those with a 10° or greater asymmetry in shoulder internal rotation measured at 90° of abduction. The 39 who met the asymmetry criteria thus formed a convenience sample and were randomly assigned to 1 of 2 intervention groups (Table 1) : 20 performed the cross-body stretch only whereas 19 performed the cross-body stretch and received posterior shoulder joint mobilizations. Exclusion criteria included a history of shoulder surgery, shoulder symptoms requiring medical treatment in the last year, or shoulder pain at the time of study. All subjects read and signed an informed consent approved by the university's institutional review board. 
MEASUREMENT PROCEDURE

Reliability
Intratester and intertester reliability were established on a pilot group of 30 asymptomatic patients (60 shoulders). Both examiners were fellowship-trained sports medicine physicians. Measurements occurred 30 to 60 minutes apart. Separate reliability coefficients were calculated for shoulder internal and external rotation for each tester on each side (ICC 3, 2). Intraclass correlation (ICC 2, 2) was calculated for intertester reliability ( Table 2 ). The primary measurements were passive shoulder internal and external rotation with the humerus abducted to 90° in the frontal plane with the patient lying supine on a standard examination table. The same examiner performed the pretest and the posttest measurements on the same participants. Throughout the study, each examiner was blinded to participant groupings to reduce the risk of measurement bias.
Range of Motion Measurement
For measurement of external rotation, the participant lay supine with the shoulder abducted in 90° and the elbow flexed 90°. A towel was placed posterior to the humerus to ensure a neutral horizontal position. The forearm was placed vertical (perpendicular to the support surface) while the examiner passively externally rotated the humerus with 1 hand at the subject's wrist. The scapula was stabilized with the other hand. End range of glenohumeral external rotation was identified when resistance to any further motion was encountered and attempts to overcome the resistance caused a posterior tilt or retraction of the scapula (Figure 1) . 30 Measurements were made with the arm at end range, with the inclinometer on the ventral forearm surface. No additional pressure was applied to the shoulder during the measurement process. For internal rotation, the particpant lay supine, as described previously, with the shoulder abducted 90° and the elbow flexed 90°. The inclinometer was placed on the dorsal surface of the forearm. The forearm was vertical to start while the glenohumeral joint was then passively internally rotated. The scapula was stabilized while the examiner monitored compensatory movement at the end of internal rotation ( Figure  2 ). When the scapula started to protract, the measurement was taken to differentiate glenohumeral internal rotation from composite shoulder internal rotation (Figure 3 ). Passive measurements removed the possibility of muscle insufficiency as a cause of motion difference.
INTERVENTION
One group performed the cross-body stretch alone by passively pulling the humerus across the body into horizontal adduction with the opposite arm, without concern for scapular stabilization (Figure 4) . Each patient performed 5 repetitions of the cross-body stretch, holding each for 30 seconds.
The second group performed the cross-body stretch as described for the first group, in addition they received joint mobilizations.
Joint mobilizations were performed by 2 physical therapists (specialty board certified, American Physical Therapy Association). Patients were treated with grade III and IV joint mobilizations 7, 8 directed toward the posterior capsule for a total of 10 minutes a minimum of 2 times per week over a 4-week period. Care was taken to ensure that the joint mobilization technique was done in a posterior lateral glide to achieve translation along the joint surface ( Figure 5 ). Joint mobilizations occurred separate from stretches in all participants and at all times.
Both groups were instructed to perform the stretching exercises to a point of mild discomfort at least once daily for 5 repetitions, holding each stretch for 30 seconds. A daily log sheet was issued to monitor compliance. Participants also received written instructions and pictures of the stretching techniques.
Range of motion measurements were taken at the initiation and completion of the study. Posttesting occurred at 4 weeks following completion of the study.
We decided a priori that participants would be required to complete at least 15 stretching sessions during the 4-week period for their data to be included in the analysis. This required the participant to stretch a minimum of 3 to 4 sessions per week. Shoulder mobilization 2 to 3 times per week was preferred (minimum, 2 times per week). Missed sessions owing to illness, vacation, and other considerations were allowed.
DATA ANALYSIS
Descriptive statistics were calculated for all variables, and all dependent variables were examined for normal distribution and homogeneity of variance assumptions. Total motion was calculated by separately adding internal and external rotation of the untreated and treated shoulders. A 2 × 3 analysis of variance was used to analyze differences between measurement means-specifically, with 1 between-subjects factor (type of intervention) and 1 within-subjects factor (degrees of motion at baseline, 4 weeks, and 4 weeks postintervention cessation). To evaluate differences over time between interventions (treated and untreated shoulders), a 2 × 6 analysis of variance was used. Alpha level for all analyses was set at .05. Appropriate post hoc comparisons used Bonferroni's correction factor. All data were analyzed using SPSS 15.5.
RESULTS
Height and weight between the intervention groups was not significantly different (see Table 1 ). Each patient recorded compliance for the duration of the interventions, which was similar for the 2 groups (t = 0.93; P = .58). The stretchingonly group averaged 20.33 sessions (range, 12-28) whereas the stretching-plus-joint-mobilization group averaged 21.27 (range, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Each member of the latter group underwent 8 to 10 sessions of joint mobilization. No one was dismissed from the study owing to poor compliance.
The proportion of men:women was not significantly different between the 2 groups (4:16 to 3:16). Two participants had a loss of internal rotation on the nondominant shoulder. Table 3 presents the mean range of motion for each intervention at each time. No significant interaction occurred between type of intervention and time. There was no significant main effect for type of intervention. A significant main effect was found for time. For the treated shoulders, both groups demonstrated significant increases in internal rotation from baseline to 4 and 8 weeks (Table 3 and Figure 6 ). In both groups, the increases in 4-week total rotation motion in the treated shoulders reflect a real increase in internal rotation because external rotation remained essentially unchanged. Pairwise comparisons using means for total motion for the treated shoulder increased significantly from baseline to 4 weeks and remained increased, although not significantly, 4 weeks after the intervention. Differences between the untreated and treated shoulders in each group at each time were separately analyzed using paired-samples t tests. At baseline, the treated shoulder had significantly less motion than that of the untreated shoulder.
At week 4, in the stretching-plus-mobilization group, internal rotation between the treated and untreated shoulders was no longer significantly different (4.5°). In addition, the 4-week internal rotation of the treated shoulder (63.1°) exceeded the baseline measurement for the untreated shoulder (61.3°). In the stretching-plus-mobilization group at 4 weeks postintervention, none of the measurements between the treated and untreated shoulders were significantly different (Table 3 and Figure 6 ). External rotation remained essentially unchanged at all times in all shoulders (Table 3 and Figure 7 ). Total motion in the untreated shoulders was not significantly different in either group except at baseline in the stretching-only group (Table 3 and Figure 8 ). Changes in internal rotation accounted for the changes in total motion in the treated shoulders.
DISCUSSION
Examination of the 2 interventions showed that stretching plus mobilization might be more effective in increasing internal rotation and maintaining that increase.
In both intervention groups, as shoulder internal rotation in the treated shoulder increased, shoulder external rotation decreased. It is likely that a gain of internal rotation resulted in a concomitant loss of external rotation. McClure et al 23 did not find any changes in external rotation. The amount of external rotation loss in this study was small, not statistically significant, and potentially not clinically significant as well. The internal rotation gained by both intervention groups probably accounts for most of the increase in total motion. The standard error of the measurement and, therefore, the minimal clinical difference for internal rotation of the treated shoulders were the largest of the 4 measurements Figure 7 . Range of motion means (± standard deviations) for external rotation (ER) at baseline, at end of 4-week intervention, and at 4 weeks postintervention. SO C ER, stretching only, control shoulder; SO T ER, stretching only, treated shoulder; SM C ER, stretching + mobilization, control shoulder; SM T ER, stretching + mobilization, treated shoulder; a, in SO group, control shoulder ROM significantly greater than treated shoulder; b, in SM group, control shoulder ROM significantly greater than treated shoulder. Figure 8 . Range of motion means (± standard deviations) for total motion at baseline, at end of 4-week intervention, and at 4 weeks postintervention. SO C, stretching only, control shoulder; SO T, stretching only, treated shoulder; SM C, stretching + mobilization, control shoulder; SM T, stretching + mobilization, treated shoulder; a, in SO group, control shoulder ROM significantly greater than treated shoulder.
( Table 2 ). Because this was the most critical factor to finding significant interactions in this study, measurement error may have played a roll. However, even with a minimal clinical difference of 11.4°, the significant internal rotation increases achieved and maintained in the stretching-plus-mobilization group are probably not the result of measurement error.
We note 4 limitations: asymptomatic participants, a convenience sample, measurement error, and a 10° difference in internal rotation between shoulders. We used asymptomatic patients with no known pathology, rather than overhead athletes or those with shoulder symptoms and pathology who were seeking medical attention. We used this population to demonstrate the possible effectiveness of stretching plus mobilization in general, before its application to a more vulnerable population.
We performed a power analysis a priori. To obtain a power of at least .80 for a 2 × 3 analysis of variance, using a conservative effect size (.35) and correlation between raters (.40), required 35 participants per group. 3 It was not possible to obtain this optimal number to meet a power of at least .80.
Because of the relatively large measurement error in internal rotation, a 10° discrepancy in shoulder ranges of motion may have been an insufficient requirement to allow for between-group differences. This amount of motion asymmetry was used in a similar study. 23 The baseline data showed that the mean difference between shoulders in the present study was actually 17°, requiring patients to increase their internal rotation by only 17° to become completely symmetrical with the untreated side. Greater rotation changes may occur in those with pathology. This proposed ceiling effect (ie, 10° to 17° limitation in the present study) is related to the difference between normal and pathological tissue and may have thus influenced the results.
Glenohumeral internal rotation deficit may be a predisposing factor for multiple injuries in overhead athletes. 4, 10, 21, 29, 31, 32, [36] [37] [38] Therefore, it is clinically important to prevent loss and/or increase internal rotation range of motion. 10, 19, 21, 31, 32, [36] [37] [38] Harryman et al 11 noted a superior and anterior translation of the humeral head during passive forward flexion in the presence of a simulated posterior capsule contracture in a cadaveric model. An unopposed superior translation will result in impingement. Owing to a posterior shoulder contracture, impingement syndrome may lead to partial rotator cuff tearing. Ticker et al 31 reported thickened posterior capsules in patients diagnosed with limited internal rotation, in conjunction with subacromial impingement. Furthermore, Burkhart et al 5 believed that athletes with glenohumeral internal rotation deficit exhibit a posterosuperior shift increasing contact among the humeral head, labrum, and rotator cuff in the late cocking phase of the throwing shoulder. This may lead to labral peelback and cause a type II superior labrum anterior-to-posterior lesion. Heyworth and Williams 13 also thought that stretching of the posterior shoulder structures may be a useful adjunct to treatment for pathologic internal impingement. Lengthening of the posterior shoulder structures via posterior shoulder joint mobilization techniques will allow the humeral head to glide in the appropriate direction, allowing normal glenohumeral arthrokinematics and decreasing the risk of these potentially pathological conditions. What has yet to be objectively determined is the amount of internal rotation motion needed to create symptom resolution, although Burkhart et al observed that symptomatic athletes usually have differences of motion loss greater than 25° between shoulders. Approximately 90% of athletes responded well to a progressive stretching program to bring this internal rotation loss to an acceptable level. 5 Their recommended acceptable level is less than 20° or less than 10% of the total arc of movement seen in the nondominant shoulder. McClure et al 23 demonstrated that the cross-arm stretch was more effective than the sleeper stretch for the posterior shoulder. A combination of the cross-arm stretch plus joint mobilization may be an even more effective method for treatment of posterior shoulder tightness.
CONCLUSION
The cross-arm stretch with joint mobilization and the crossarm stretch alone can significantly increase shoulder internal rotation following 4 weeks of intervention in a group of asymptomatic college-age students. 
